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(57) ABSTRACT

An 1ndoor localization method 1s implemented using an
indoor localization system that includes beacons 1n an indoor
space and each periodically transmitting a localization signal,
a radio badge receiving the localization signals, and a host
coupled to the beacons and the radio badge. The beacons
transmit the localization signals asynchronously. The indoor
localization method includes a training phase and a tracking
phase. During the training phase, signal vectors are formed
from the localization signals recetved by the radio badge, and
a signal ID value 1s generated from the signal vectors. During
the tracking phase, signal vectors are formed from the local-
1zation signals recerved by the radio badge at a current loca-
tion. An estimated position of the radio badge 1s obtained
using the signal vectors of the tracking phase and the signal
ID values.

21 Claims, 4 Drawing Sheets
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During a training phase, form signal vectors
respectively from the localization signals received by
the radio badge at each of predetermined locations in
the 1ndoor space, and generate a signal ID value from
the signal vectors for each of the beacons from which
the radio badge has received the localization signals
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During a tracking phase, again form signal vectors 14
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by the radio badge at a current location of a tracked
target 1n the indoor space

Obtain an estimated position of the radio badge using 15
the signal vectors formed during the tracking phase
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Configure beacons to transmit localization signals 11
thereof asynchronously

Partition an indoor space into plurality of sections |

During a training phase, form signal vectors 19
respectively from the localization signals received by

the radio badge at each of predetermined locations 1in

the 1ndoor space, and generate a signal ID value from

the signal vectors for each of the beacons from which
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INDOOR LOCALIZATION SYSTEM AND
METHOD

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims priority of Taiwanese Application
No. 097146248, filed on Nov. 28, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an indoor localization sys-
tem and method, more particularly to an indoor localization
system and method, in which beacons of the indoor localiza-
tion system are de-synchronized.

2. Description of the Related Art

Most outdoor localization systems and methods are based
on global positioning system (GPS) technology. Depending
on the quality of the GPS receiver hardware employed by a
user, the manner in which processing 1s performed by the GPS
recetver, and various other factors, errors in the estimated
position may range irom several meters to several tens of
meters using GPS technology.

Since such large errors are unacceptable for indoor local-
1zation, one approach 1s to use wireless technology. In par-
ticular, indoor localization systems that employ a Radio Sig-
nal Strength Indicator (RSSI)-signature-based approach have
been developed. The RSSI-signature-based approach
involves detecting the recerved strengths of wireless signals
transmitted from a plurality of beacons that are deployed in
various fixed locations. The strengths of the signals received
by a radio badge or tag are then used to estimate the indoor
location of a tracked target.

One area that 1s 1n need of improvement to enhance accu-
racy in imndoor localization systems 1s that related to optimiz-
ing communication between the radio badge or tag and each
ol the beacons.

SUMMARY OF THE INVENTION

Therelore, the object of the present invention 1s to provide
an 1ndoor localization system and method, 1n which beacons
ol the indoor localization system are de-synchromized, such
that collisions among localization signals transmitted by the
beacons are prevented.

According to one aspect of this imnvention, an indoor local-
1zation system comprises a plurality of beacons deployed 1n
the indoor space and each periodically transmitting a local-
ization signal, a radio badge carried by a tracked target in the
indoor space for recerving the localization signals from the
beacons, and a host communicatively coupled to the beacons
and the radio badge.

One of the radio badge and the host performs at least one
step of an indoor localization method of this invention, and
the other of the radio badge and the host performs the remain-
ing steps of the indoor localization method of this invention.

According to another aspect, the indoor localization
method of this imnvention comprises: configuring the beacons
to transmit the localization signals thereof asynchronously;
during a training phase, forming a plurality of signal vectors
respectively from the localization signals received by the
radio badge at each of predetermined locations 1n the indoor
space, and generating a signal ID value from the signal vec-
tors for each of the beacons from which the radio badge has
received the localization signals; during a tracking phase,
again forming a plurality of signal vectors respectively from
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2

the localization signals received by the radio badge at a cur-
rent location of the tracked target in the indoor space; and
obtaining an estimated position of the radio badge using the
signal vectors formed during the tracking phase and the signal
ID values generated 1n the training phase.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent 1n the following detailed description of the
preferred embodiment with reference to the accompanying
drawings, of which:

FIG. 1 1s a schematic diagram of an indoor localization
system according to a preferred embodiment of the present
invention, illustrating the indoor localization system 1n a lay-
out used to perform a field test 1n an mndoor space;

FIG. 2 1s a flowchart of an indoor localization method
according to a preferred embodiment of the present invention;

FIG. 3 1s a schematic diagram, illustrating a chaining
scheme used to connect adjacent beacons 1n the indoor local-
1zation system of the preferred embodiment; and

FIG. 4 1s a graph of localization errors resulting from a field
test performed under various conditions using the indoor
localization system of the preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 1s a schematic diagram of an indoor localization
system according to a preferred embodiment of the present
invention. In FIG. 1, the mndoor localization system 1s pro-
vided 1n an exemplary layout in an mndoor space 20 for pur-
poses of performing a field test.

In one embodiment, the indoor localization system of the
present invention includes a radio badge 21, a plurality of
beacons 22, two hosts 23, a plurality of universal serial bus
(USB) hubs 24, and two power supplies 25. The USB hubs 24
and the power supplies 25 will be described at a later point 1n
the description, that 1s, during the explanation of the field test.
Furthermore, for the explanation to follow immediately
below, 1t 1s assumed that there 1s only one host 23.

The beacons 22 are deployed in the indoor space 20. Each
of the beacons 22 periodically transmits a localization signal.
In one embodiment, each of the localization signals transmiut-
ted by each of the beacons 22 1s a short packet containing an
ID of the beacon 22.

The radio badge 21 is carried by a tracked target moving in
the indoor space 20. The radio badge 21 receives the local-
ization signals from the beacons 22.

The host 23 1s communicatively coupled to the beacons 22
and the radio badge 21.

One of the radio badge 21 and the host 23 performs at least
one step of an indoor localization method according to a
preferred embodiment of the present invention, and the other
of the radio badge 21 and the host 23 performs the remaining
steps of the indoor localization method. The indoor localiza-
tion method of the present mvention will now be described
with further reference to FIG. 2.

First, in step 11, the beacons 22 are configured to transmit
the localization signals thereof asynchronously (1.e., configu-
ration 1s performed such that the beacons 22 are de-synchro-
nized). In one embodiment, a timing at which each of the
beacons 22 transmits the localization signal thereol 1s
adjusted according to a comparison with timings at which
neighboring beacons 22 transmit localization signals, such
that collisions among the localization signals transmitted by
the beacons 22 are prevented.
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The asynchronous transmission of the localization signals
by the beacons 22 may be realized using one of the DESYNC
algorithms disclosed 1n “DESYNC: Self-Organizing Desyn-
chronization and TDMA on Wireless Sensor Networks,”
written by Julius Degesys, lan Rose, Ankit Patel, Radhika
Nagpal.

Next, 1n step 12, the indoor space 20 1s partitioned nto a
plurality of sections that serve as predetermined locations,
respectively. In one embodiment, the sections of the indoor
space 20 are partitioned 1 a grid configuration. In one
embodiment, each of the sections 1s rectangular and extends
for approximately 30 cm 1n a lengthwise direction. This par-
ticular dimension o1 30 cm for the sections of the indoor space
20 1s chosen since it corresponds roughly to the typical walk-
ing stride length.

Subsequently, 1n step 13, during a training phase, a plural-
ity of signal vectors are formed respectively from the local-
1ization signals received by the radio badge 21 at each of the
predetermined locations 1n the indoor space 20, and a signal
ID value 1s generated from the signal vectors for each of the
beacons 22 from which the radio badge 21 has received the
localization signals. In one embodiment, the signal ID value
for each of the beacons 22 from which the radio badge 21 has
received the localization signals 1s generated by averaging the
signal vectors that are formed from the localization signals
received at one of the predetermined locations from a corre-
sponding one of the beacons 22 during the training phase.

Next, i step 14, during a tracking phase, a plurality of
signal vectors are again formed respectively from the local-
ization signals received by the radio badge 21 at a current
location of the tracked target 1n the indoor space 20.

In one embodiment, each of the beacons 22 periodically
transmits the localization signal thereof at a predetermined
signal-sending interval of 200 ms. In such an embodiment, 1n
step 13, the training phase extends for 40 units of the signal-
sending interval, such that each of the signal 1D values 1s
tformed from 40 of the signal vectors, and in step 14, the
tracking phase extends for approximately 220 ms.

Finally, 1in step 15, an estimated position of the radio badge
21 1s obtained using the signal vectors formed during the
tracking phase and corresponding to the current location and
the signal 1D values corresponding to the predetermined loca-
tions.

In one embodiment, mn step 15, a k-nearest-neighbor
(KNN) algorithm 1s employed to obtain the estimated posi-
tion of the radio badge 21. Using the KNN algorithm, a
plurality of distances between the signal vectors formed dur-
ing the tracking phase and corresponding to the current loca-
tion, and the signal ID values corresponding to the predeter-
mined locations are calculated, reference values are acquired
by dividing each of the distances by the number of the signal
vectors formed during the tracking phase, a plurality of target
values are acquired from a subset of the reference values
including a predetermined number of the smallest reference
values, and an estimated position of the radio badge 21 1s
obtained by weighted average processing using the target
values. In one embodiment, each of the distances 1s a Euclid-
ean distance. In another embodiment, each of the distances
calculated 1s a Manhattan distance.

A Tfield test was performed to verity the feasibility of the
indoor localization system implementing the indoor localiza-
tion method according to the present invention. The layout
shown 1n FIG. 1 was used for the field test, 1n which the indoor
space 20 was on a tloor of a building that included a plurality
of small rooms, and the beacons 22 were deployed in a hall-
way between the rooms.
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Furthermore, to allow for easy monitoring of the field test
and allow for quick response once a problem occurs, each of
the beacons 22 was connected to one of two hosts 23 via one
of the USB hubs 24. An equal number of the beacons 22 was
connected to each host 23. The two hosts 23 acted like gate-
ways to allow for easy program upgrades and updating. The
power supplies 25 were used for the beacons 22 and the hosts
23 to provide a continuous source of power thereto, thereby
avoiding the inconvenience of having to replace batteries.

The USB hubs 24 used in the field test mncluded USB
extenders to enable greater transmission lengths, that 1s, to
overcome the transmission limitation of 5 meters for typical
USB hubs. USB extenders enable a transmission length o1 45
meters or greater, which, as 1s evident from FIG. 1, was
needed for the field test. Moreover, 1n order to avoid redun-
dant wiring in the indoor space 20, a chaining scheme as
shown 1n FIG. 3 was used to connect adjacent beacons 22.

During the field test, the radio badge 21 receirved signals
from an average of ten of the beacons 22.

From the results of the field test, it was determined that
elfective indoor localization i1s realized using the indoor
localization system and method according to this invention.

Moreover, various conclusions as outlined below relating
to factors that affect accuracy in indoor localization were
reached during the aforementioned field test.

(1) Antenna Orientation of Each Beacon 22

It was determined from three different localization errors
generated by conducting localization of three different local-
ization routes that antenna orientation of each beacon 22
alfects the accuracy of indoor localization.

(2) Noise Interference Caused by Indoor Moving Objects
or Fixed Obstructions, and Change of Angle, Position, and
Direction During Movement of the Radio Badge 21 when the

Same 1s Carried

As shown 1n FIG. 4, localization errors were measured for
four different states of the radio badge 21 as follows: (a) the
radio badge 21 placed on a chatir, (b) the radio badge 21 held
in the hand of a user; (¢) a person standing still next to the
radio badge 21; and (d) a person wandering around the radio
badge 21. Hence, 1t 1s evident that different disposition states
or environmental conditions of the radio badge 21 affect the
accuracy of indoor localization.

(3) Distance from the Beacons 22

It was determined from the field test that as the distance
from any one of the beacons 22 1s reduced, a higher localiza-
tion accuracy 1s achieved.

In the indoor localization system and method according to
the present invention, the beacons 22 are configured such that
the localization signals thereof are transmitted asynchro-
nously. As a result, collisions among the localization signals
transmitted by the beacons 22 are prevented, thereby ensuring
successiul delivery of the packets (1.e., the localization sig-
nals) from the beacons 22 to the radio badge 21. Ultimately,
this enhances accuracy 1n the indoor localization system of
the present invention.

With the 1nvention thus explained, 1t 1s apparent that vari-
ous modifications and variations can be made without depart-
ing from the spirit of the present imnvention. It 1s therefore
intended that the invention be limited only as recited 1n the
appended claims.

What 1s claimed 1s:

1. An mndoor localization method to be implemented using
an indoor localization system that includes a plurality of
beacons deployed in an indoor space and each periodically
transmitting a localization signal, and a radio badge carried
by a tracked target for recerving the localization signals from
the beacons, said mndoor localization method comprising:
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(a) configuring the beacons to transmit the localization
signals thereof asynchronously;

(b) during a training phase, forming a plurality of first
signal vectors respectively from the localization signals
received by the radio badge at each of predetermined
locations 1n the indoor space, and generating a signal 1D
value from the first signal vectors for each of the beacons
from which the radio badge has received the localization
signals;

(¢) during a tracking phase, again forming a plurality of
second signal vectors respectively from the localization
signals received by the radio badge at a current location
of the tracked target in the indoor space; and

(d) calculating a plurality of distances between the second
signal vectors formed during the tracking phase and
corresponding to the current location, and the signal 1D
values corresponding to the predetermined locations;
generating a plurality of reference values by dividing
cach of the distances by the number of the second signal
vectors formed during the tracking phase; obtaining a
plurality of target values from a subset of the reference
values including a predetermined number of the smallest
reference values; and obtaining an estimated position of
the radio badge by weighted average processing using
the target values.

2. The indoor localization method of claim 1, wherein, 1n
step (a), a timing at which each of the beacons transmits the
localization signal thereot 1s adjusted according to a compari-
son with timings at which neighboring beacons transmit
localization signals, such that collisions among the localiza-
tion signals transmitted by the beacons are prevented.

3. The indoor localization method of claim 1, further com-
prising, prior to step (b): (b0) partitioning the indoor space
into a plurality of sections that serve as the predetermined
locations, respectively.

4. The indoor localization method of claim 3, wherein, 1n
step (b0), the sections of the indoor space are partitioned 1n a
orid configuration.

5. The indoor localization method of claim 4, wherein, 1n
step (b0), each of the sections 1s rectangular and extends for
approximately 30 cm 1n a lengthwise direction.

6. The indoor localization method of claim 1, wherein each
ol the distances 1s a Euclidean distance.

7. The indoor localization method of claim 1, each of the
beacons periodically transmitting the localization signal
thereol at a predetermined signal-sending interval of 200 ms,
wherein, in step (b), the training phase extends for 40 units of
the signal-sending interval, such that each of the signal 1D
values 1s formed from 40 of the signal vectors.

8. The indoor localization method of claim 7, wherein, 1n
step (¢), the tracking phase extends for approximately 220 ms.

9. The 1indoor localization method of claim 1, wherein, 1n
step (b), the signal ID value for each of the beacons from
which the radio badge has received the localization signals 1s
generated by averaging the signal vectors that are formed
from the localization signals received at one of the predeter-
mined locations from a corresponding one of the beacons
during the training phase.

10. An 1indoor localization system for performing localiza-
tion 1n an mdoor space, said indoor localization system com-
prising:

a plurality of beacons deployed in the indoor space and
cach periodically transmitting a localization signal, said
beacons being configured such that the localization sig-
nals thereof are transmitted asynchronously;
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6

a radio badge carried by a tracked target 1n the indoor space
for recerving the localization signals from said beacons;
and

a host communicatively coupled to said beacons and said
radio badge;

wherein one of said radio badge and said host performs at
least one step of an indoor localization method, and the
other of said radio badge and said host performs the
remaining steps of the indoor localization method, the
indoor localization method including:

(a) during a training phase, forming a plurality of first
signal vectors respectively from the localization signals
received by said radio badge at each of predetermined
locations 1n the indoor space, and generating a signal 1D
value from the first signal vectors for each of said bea-
cons from which said radio badge has recerved the local-
1zation signals;

(b) during a tracking phase, again forming a plurality of
second signal vectors respectively from the localization
signals recerved by said radio badge at a current location
of the tracked target 1n the indoor space; and

(¢) calculating a plurality of distances between the second
signal vectors formed during the tracking phase and
corresponding to the current location, and the signal 1D
values corresponding to the predetermined locations;
generating a plurality of reference values by dividing
cach of the distances by the number of the second signal
vectors formed during the tracking phase; obtaining a
plurality of target values from a subset of the reference
values including a predetermined number of the smallest
reference values; and obtaining an estimated position of
said radio badge by weighted average processing using,
the target values.

11. The indoor localization system of claim 10, wherein a
timing at which each of said beacons transmits the localiza-
tion s1ignal thereof 1s adjusted according to a comparison with
timings at which neighboring beacons transmit localization
signals, such that collisions among the localization signals
transmitted by said beacons are prevented.

12. The indoor localization system of claim 10, wherein the
indoor space 1s partitioned 1nto a plurality of sections that
serve as the predetermined locations, respectively.

13. The indoor localization system of claim 12, wherein the
sections of the indoor space are partitioned 1n a grid configu-
ration.

14. The indoor localization system of claim 13, wherein
cach of the sections 1s rectangular and extends for approxi-
mately 30 cm 1n a lengthwise direction.

15. The indoor localization system of claim 10, wherein
cach of the distances 1s a Fuclidean distance.

16. The indoor localization system of claim 10, wherein
cach of said beacons periodically transmits the localization
signal thereof at a predetermined signal-sending interval of
200 ms, and 1n step (a), the traiming phase extends for 40 units
of the signal-sending interval, such that each of the signal 1D
values 1s formed from 40 of the signal vectors.

17. The indoor localization system of claim 16, wherein, in
step (b), the tracking phase extends for approximately 220
ms.

18. The indoor localization system of claim 10, wherein, in
step (a), the signal ID value for each of said beacons from
which said radio badge has received the localization signals 1s
generated by averaging the signal vectors that are formed
from the localization signals recerved at one of the predeter-
mined locations from a corresponding one of said beacons
during the training phase.
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19. The 1indoor localization system of claim 10, wherein 21. The indoor localization system of claim 10, further
cach of the localization signals transmitted by each of said comprising a plurality of power supplies for providing power
beacons 1s a short packet containing an ID of said beacon. to said beacons and said host.

20. The 1ndoor localization system of claim 10, further
comprising a universal serial bus hub and a universal serial 5
bus extender for interconnecting said beacons and said host. I I
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